Forecasting is one of the measure used in the planning process. It enables effective management of infrastructure and available human resources, including at airports. However, improper prediction of future trends may have economic consequences for the company. Therefore, the aim of the study is to determine forecasts of the number of passengers and air operations characterized by the smallest deviations from the real values, on the example of Wrocław Airport. For the needs of the study, an analysis of econometric models of seasonal fluctuations was carried out, as well as the method of seasonality indicators and homologous period trends. The methods were selected due to the low level of forecast error using expired forecasts for 2017. The study was completed with the choice of a method generating forecasts burdened with the smallest error.
Introduction
The efficiency of infrastructure management and disposable human resources in business units is possible, among others thanks to proper forecasting, being one of the elements used in the planning process. Therefore, the aim of the study was to determine forecasts of the number of passengers and air operations characterized by the smallest deviations from the real values, on the example of Wrocław Airport.
Due to the occurrence of seasonal fluctuations, forecasting of passenger traffic in air transport is more complicated than in the case when these fluctuations do not occur. In addition, it is worth noting that "isolating the impact of seasonal fluctuations on the shaping of the forecasted phenomenon and its inclusion in the forecasting process raises the precision of predictions"
1 . The study analyzed econometric models of seasonal variations, using the seasonality method and the trend of homologous periods. Quarterly data from the years 2012-2017 made available by the Civil Aviation Office and the analyzed airport were used. Based on the indicated methods, forecasts of expired passenger numbers and the number of flight operations for 2017 were made. While verifying the ex post forecast, it was assumed that the obtained level of forecast errors is the justification for expanding it to the next 2018.
Methodology
In econometric models of seasonal fluctuations, some dummy variables are introduced, which correspond to the distinguished phases of the cycle. The estimated coefficients located at these variables are therefore measures of cyclical effects 2 . The general record of the model with the linear trend and the periodic seasonal component is as follows 3 :
where: Science and Technology Publisher, Cracow 2016, p. 13-24. forecast is a forecast that is "determined for the t time, for which the real value of the forecast variable is known" 6 ) and subsequently -forecasts for 2018.
Forecasting
For all estimated econometric models of seasonal fluctuations and in the case of trends of homologous periods, the type of model was selected based on graphical analysis and the analysis of increments for numerical data on passenger traffic at Wroclaw Airport. The basis for adopting the models for further analysis was to meet the following conditions: -the determination coefficient in the range (0.5625;1); -the random variation coefficient not exceeding 15%; -randomness of the rest of the estimated models (tested using a series test).
First of all, the results obtained using econometric models of seasonal fluctuations were depicted. The model of the time series, taking into account seasonality for the number of passengers, has the form: Table 2 presents the forecasts of the number of aviation operations designated for 2017. Data for 2013-2016 were used and ex-post prediction errors were determined. After assuming that a forecast error of up to 10% of the real value is admitted, the analysis of the absolute error of the ex post forecast and the relative error of the ex post forecast shows that the expired forecasts are characterized by relatively small deviations from the actually observed number of passengers and the number of operations at Wrocław Airport, excluding the third quarter. Therefore, time series models were estimated with regard to seasonality, successively for the number of passengers and flight operations using data for the years 2013-2017: On this basis, quarterly forecasts of both variables for 2018 were calculated, excluding the third quarter (Table 3) . The analysis of the error of the average prediction and the relative error of the ex ante forecast shows that the estimated forecasts are characterized by small deviations from the actually observed values. The lowest relative prediction error of 3.73% was obtained in the second quarter for the number of passengers, and the highest was 7.73% in the first quarter for the number of air operations.
The second method used is the seasonal factors method. In order to conduct the forecasting process for each variable, empirical data charts were determined. On this basis, it was possible to conclude on the course of seasonal fluctuations. In each case, they were series with occurring periodic fluctuations with an amplitude having a growing character over time which indicates multiplicative properties. Therefore, the function of the exponential trend was determined for quarterly data on the number of passengers served and flight operations. Subsequently, corrective coefficients were determined to change the raw seasonality indicators into cleared ones. Then the values of forecasts expired for 2017 were estimated and ex post forecast errors were determined (Table 4) . The analysis of the determined seasonality ratios indicates that in the examined period (2013-2016) only due to seasonality the number of passengers in the first quarter was lower compared to the trend by 23.11% on average, in the second quarter higher by 6.84%, third quarter higher by 28.71%, and in the fourth quarter lower by 12.43%. In the case of the number of flight operations, due to seasonality, their number compared to the trend in the first quarter was lower on average by 11.81%, in the second quarter higher by 5.28%, in the third quarter -by 16.14%, while in the fourth quarter, it was lower by 9.61%.
Due to the fact that this method of forecasting is not based on a formal model and it is not possible to determine the forecast error 11 in Table 5 , it was limited to presenting the estimated trend functions and forecasts for 2018. The analysis of seasonality ratios, using the data for 2013-2017 indicates that in the analyzed period, the number of passengers in the first quarter was lower by 22.04% in the first quarter as compared to the trend, 6.63% higher in the second quarter, in the third quarter it was higher by 28.22%, while in the fourth quarter it was lower by 12.82%. As a result of seasonality, in the case of the number of operations, compared to the trend, their number in the first quarter was lower on average by 11.21%, in the second quarter by 5.08%, in the third quarter -by 15.90%, while in the fourth quarter, 9.77% lower.
Another method used for the needs of the study is the method of trends of homologous periods. The estimated trend models for individual quarters, along with the basic adjustment measures are presented in Tables 6-7. Tables 8-9 contain expired forecasts, including errors, for the number of passengers and the number of flight operations, respectively. Again assuming that a forecast error of up to 10% of the real value is admitted, using the method of the trends of the homologous periods (data for 2013-2017) for the first, second and fourth quarter for the number of passengers and for the first and third quarter for operations was determined regarding the air operations (Table 10) . For these periods, the forecast for 2018 was set, as well as the error of the average prediction and the relative error of the ex ante forecast (Table 11) . 
Conclusions
In the case of econometric models of seasonal fluctuations, the highest errors of ex post forecasts were obtained in the third quarter. The situation is similar for the forecast of the expired passenger population based on the trends of the homologous periods. In the case of the number of air operations, the highest error was in the second and fourth quarter. It should be emphasized that for expired forecasts generated using the seasonality ratio method, the relative error of the ex post forecast did not exceed the 10% threshold.
Based on the values of relative errors, ex post forecasts can indicate the values forecast for individual quarters of 2018 (Table 12 ). Summarizing, the analysis of errors of expired forecasts indicates that the most reliable forecasts can be obtained using the trend method of homologous periods.
